In a nested case-control study (2001)(2002)(2003)(2004), the authors investigated the association between mammographic density and breast cancer risk among women of Caucasian, Japanese, and Native Hawaiian ancestry in the Hawaii component of the Multiethnic Cohort Study. The authors retrieved several prediagnostic mammograms for breast cancer cases and for controls frequency-matched to cases by age and ethnicity. A reader who was blinded to case status and year of mammogram performed computer-assisted density assessment. Suitable mammographic readings were obtained for 607 cases and 667 controls. The authors used unconditional logistic regression to estimate odds ratios and 95% confidence intervals while adjusting for confounders. Mean percent density and mean dense area were significantly greater for cases than for controls: 39.6% vs. 29.7% and 37.3 cm 2 vs. 28.4 cm 2 , respectively. For the earliest mammogram taken, the overall odds ratio for a 10% increase in breast density was 1.22 (95% confidence interval: 1.14, 1.30), and the overall odds ratio for a 10-cm 2 increase in dense area was 1.17 (95% confidence interval: 1.11, 1.24). The similar sizes of the areas under the receiver operating characteristic curve (0.66) confirmed that percent density and dense area predicted breast cancer equally well. Because the risk estimates appeared higher for Caucasians and Native Hawaiians than for Japanese women, ethnicity-specific models may be necessary to predict risk from breast density in different ethnic groups. breast neoplasms; ethnic groups; mammography Abbreviations: CI, confidence interval; HRT, hormone replacement therapy; MEC, Multiethnic Cohort; ROC, receiver operating characteristic.
A large body of evidence suggests that mammographic density is a strong predictor of breast cancer risk (1) (2) (3) (4) . Initially, breast density was evaluated according to a qualitative classification scheme (5) , but later quantitative approaches using visual estimation (6) , planimetric (7) , and computer-assisted (8, 9) methods were developed. Women in the highest density category out of five or six levels have a four-to sixfold higher risk of breast cancer than subjects in the lowest category (10) .
So far, only two case-control studies using quantitative assessment methods (4, 11) have included substantial numbers of non-Caucasian women, primarily Asian Americans and African Americans. Whereas a study from California described a stronger association between mammographic densities and breast cancer among Chinese, Filipino, and Japanese women than among Caucasian women (4), our study in Hawaii suggested a weaker association among Japanese women than among Caucasian women (11) . Crosssectional studies have shown that women of Asian ancestry have higher percent densities than Caucasian women because of their relatively small breast size (12, 13) , but densities were found to be higher among Japanese Americans in Hawaii than among women in Japan, reflecting the difference in breast cancer risk (14) . Although breast cancer incidence is still considerably lower in Japan than in Western countries (15) , Japanese migrants to California and Hawaii, who have now reached the third and fourth generations, have a risk level similar to that of Caucasians (16, 17) .
We hypothesized that despite ethnic differences in breast density, the relations between mammographic densities and breast cancer risk would be similar in Caucasian, Japanese, and Native Hawaiian women. The Hawaii component of the Multiethnic Cohort (MEC) Study (18) offered us an opportunity to explore the relation between mammographic density and breast cancer risk among women in these three groups and to investigate the relative importance of percent densities versus the size of the dense area.
MATERIALS AND METHODS

Study design and population
This case-control study was nested within the Hawaii component of the MEC Study, which was established between 1993 and 1996. As described in detail elsewhere (18) , this large prospective study investigates the association between diet and cancer among 96,810 men and 118,441 women in Hawaii and Los Angeles, California. Subjects are predominately of African-American, Caucasian, Latino, Japanese, and Native Hawaiian ancestry. The population-based sampling frames included driver's license, voter registration, and Health Care Financing Administration files. The original cohort study and the nested case-control study were approved by the Committee on Human Studies at the University of Hawaii. For ascertainment of deaths and incident cancer cases, respectively, data from the Hawaii component of the MEC Study are linked annually to the Hawaii Department of Health vital records database and the statewide Hawaii Tumor Registry, part of the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program.
Recruitment
All female members of the MEC Study who resided in Hawaii and were diagnosed with a primary breast cancer between cohort entry and December 2000 were identified as potential cases (n ¼ 1,587). From Hawaii MEC Study participants who were not known to have breast cancer, a similar number of randomly selected controls was identified within the ethnic and 5-year age groups of the cases (n ¼ 1,584). For this nested case-control study, subjects had to be alive at the time of recruitment and sign an informed consent form and a mammogram release form. Exclusion criteria for cases and controls included diagnosis of breast cancer before entry into the cohort study, either by record linkage or by self-report at baseline; no mammogram; and a history of breast augmentation or reduction, but not breast biopsy, as stated in the breast health questionnaire. We learned about deaths that had occurred by the time of recruitment and about additional prevalent cases from the subjects and their mammography records; we excluded these women after obtaining the additional information. Subjects were recruited by mail during 2001-2002 with a maximum of three reminders; we avoided more aggressive recruitment in order not to jeopardize future participation of subjects in cohort studies. The recruitment package included a study description, a consent form, a mammogram release form, a breast health questionnaire, and a questionnaire assessing the consumption of soy foods. Among the 1,584 potential controls selected from the MEC Study database, 19 had been diagnosed with breast cancer by the time of recruitment and reclassified as cases, but only nine of these women participated in the study.
Of the 3,171 subjects originally identified (table 1), 8.7 percent were ineligible, primarily because of death or preexistent breast cancer. Although 54 percent of eligible women responded to the mailings, only 50.6 percent returned both signed forms. The response rate was slightly higher among cases than among controls. For 127 cases and 64 controls, we had no suitable mammogram to scan, leaving us with 43.5 percent (n ¼ 607) and 44.5 percent (n ¼ 667) of eligible cases and controls, respectively. These proportions were highest for Caucasians (50 percent and 48 percent), followed by Japanese (44 percent for both), and were lowest for Native Hawaiians (34 percent and 47 percent) and others (41 percent and 25 percent). More cases than controls were ineligible, primarily because of death. Japanese cases had an 11 percent ineligibility rate, whereas the rate was 15-16 percent for all other groups; for controls, the rates were 3-5 percent.
When we compared the 1,274 women in the analysis with the 1,622 women who were eligible but not included, we observed only small differences. The included women were 1.4 years younger (p < 0.001) and more likely to be postmenopausal. After age adjustment, the included women had a later age at first livebirth (0.7 years; p < 0.001) and a higher prevalence of use of hormone replacement therapy (HRT) (72.9 percent vs. 60.4 percent; p < 0.001) and were more likely to have been born in the United States (92 percent vs. 89 percent; p ¼ 0.03). However, included and excluded women did not differ with regard to body mass index (weight (kg)/height (m) 2 ), family history of breast cancer, parity, or age at menarche.
Data collection
At entry into the cohort, all subjects completed a survey, including an extensive food frequency questionnaire especially designed for the MEC Study, that also inquired about demographic background, anthropometric measures, reproductive behavior, and family history of breast cancer (19) . The survey information underwent extensive cleaning and editing procedures. As part of the recruitment for the nested case-control study, the women completed a one-page breast health questionnaire that asked about previous breast surgery (especially breast augmentation or reduction), menopausal status, mammography history, and HRT use. The women using HRT were asked to write in the name of their HRT medication, and HRT was classified into estrogen-only or combined estrogen/progesterone therapy.
Mammographic density assessment
Mammograms were requested from all 33 clinics listed on the release forms. These facilities were accredited according to the Mammography Quality Standards Act (20, 21) . Of the 6,478 mammograms in the final data set, 1,615 (25 percent) came from one organization. The other clinics contributed 8-571 images each. We did not have suitable mammograms for 191 women, for several reasons (table 1) . From the many mammograms available for each woman, we selected films to cover as wide a time frame as possible, using the following criteria. For cases, the goal was to include only films taken before diagnosis; but for five cases, only the contralateral mammogram of the healthy breast taken at the time of diagnosis before initiation of treatment was available. Whenever possible, we scanned at least one mammogram taken before 1995 and one taken after 1995 and at least one mammogram taken during 1990-2000. However, for five controls and one case, we could only locate a mammogram taken before 1990; and for seven controls, we could only locate an image from 2001-2003. In the final data set, 86 percent of all mammograms were performed between 1990 and 2000.
All mammographic films from both breasts were scanned with a Kodak LS85 Film Digitizer (absorbance range, 0.001-4.1; Eastman Kodak Company, Rochester, New York) at a resolution of 98 pixels per inch (pixel size equal to 260 lm). The 8-bit images are displayed in 256 shades of gray. One of the authors performed computer-assisted density assessment (8, 22) for batches of 100 mammograms. All images for one woman were assessed during the same session, but the reader was blinded as to group status and year of mammogram. After the reader determined a threshold for the edge of the breast and the edge of the dense tissue (8), the computer calculated the total number of pixels in the digitized image that constituted the total area and the dense area and computed the ratio between the two values. We converted pixels into square centimeters using a factor of 0.000676.
Since the readings for the two sides were very similar (r ¼ 0.92-0.97), we averaged the values for the right and the left breast to obtain one mammographic measure when both films were available, but 689 (19.3 percent) measures were based on one side only. This proportion was higher for cases (33.2 percent) than for controls (2.5 percent), because some cases did not have screening mammograms taken before their diagnosis. On average, 3.2 and 2.4 density measures on different dates were available for cases and controls, respectively. Therefore, subjects with at least two mammograms had three different variables: earliest, latest, and mean mammographic reading. The 226 women with only one mammogram taken at one point in time were included in all of these analyses, using the single value each time. 
Statistical analysis
Because of our inclusion criteria, there were no missing values for ethnicity or mammographic parameters. On the basis of all ethnic backgrounds reported for both parents, persons with several ethnic backgrounds were classified into one category, giving first priority to Native Hawaiian ancestry and then to Japanese, Caucasian, and other ancestry (18) . Because cancer cases and controls were matched on ethnicity and age, these variables were entered only to adjust for incomplete matching, and results were not interpreted. Information on body mass index and reproductive variables was collected at entry into the cohort, and additional information on HRT use was obtained when the women enrolled in the mammographic density study. A comparison of the HRT information obtained from the two questionnaires found good agreement for overlapping years when both questionnaires reported on HRT use. On the basis of the breast health questionnaire, we created an HRT use variable (use or no use) for each year from 1990 to 2000. To classify the type of medication, we first utilized the information from the breast health questionnaire. If a woman indicated that she had used HRT at any time but the write-in field was empty, we assigned the type of HRT from the cohort questionnaire completed at baseline. For the 69 women with missing information on HRT type, we imputed the type based on hysterectomy status (24): estrogen only for women with a hysterectomy and combined therapy otherwise. As a result, each woman had a binary HRT use variable for each year but only one HRT type variable, because the questionnaire did not allow the entry of more than one type of HRT.
Breast cancer cases and controls were compared overall and within each ethnic group with regard to each of the risk factors. Either the t test or the v 2 test was used to assess differences by case status. We used the SAS Logistic procedure (25) to perform unconditional logistic regression analysis (26) , and we estimated odds ratios and 95 percent confidence intervals for incident breast cancer while adjusting for demographic, anthropometric, and reproductive confounding variables. The mammographic density predictors were modeled as continuous measures and as categorical variables. Analyses were repeated for the earliest mammogram, the latest mammogram, and the mean value of readings from all mammograms, because we wanted to explore whether age at the time of mammogram influences the strength of the association between density and breast cancer risk. Separate analyses were performed for percent density and dense area (cm 2 ). Percent density was classified as less than 10 percent, 10-24.9 percent, 25-49.9 percent, and 50 percent or more, while for dense area, 15 cm 2 , 30 cm 2 , and 45 cm 2 were used as the limits of the categories. We chose four categories rather than six, as were used in other reports (2, 4) , in order to apply the same grouping to all ethnic groups despite the differences in breast density. To compare the ability of percent and the size of the dense area of the earliest mammogram to predict breast cancer, we computed the area under the receiver operating characteristic (ROC) curve (25) , a method used in sensitivityspecificity analyses that assesses the effectiveness of a test for determining the presence of a disease. A plot of the ROC curve is the graph of sensitivity versus 1 minus specificity. If the test is perfect, the area under the ROC curve is equal to 1.0; if it performs no better than chance, the area will be equal to 0.5. Because logistic regression predicts membership in one of two groups (e.g., disease vs. no disease), the ROC curve assesses the goodness of fit of these models.
The following covariates were included in all models because of their known relation to breast cancer risk (17) and breast density (10, 27, 28): ethnicity, age at mammogram as a continuous variable, body mass index at baseline (<22.5, 22.5-25.0, 25.1-30.0, or >30), age at first livebirth (<21, 21-30, or >30 years, or no children), number of children (0-1, 2-3, or 4), age at menarche (<13, 13-14, or 15 years), age at menopause (<45, 45-49, or 50 years, or premenopausal), HRT use in the year of the mammogram (never, estrogen only, or estrogen with progesterone), and family history of breast cancer (breast cancer in a first-degree relative, or no history). To maximize the number of observations for the case-control analysis, we replaced missing values with the most likely values among subjects in the mammographic density study: age at first livebirth (32 missing), 21-30 years; number of children (12 missing), 2-3; and breast cancer family history (36 missing), no history. For the nine women with missing data on body mass index and 16 women with missing data on age at menarche, we assigned the median values of their respective ethnic groups. All analyses were repeated after stratifying by ethnicity, stratifying by weight status (body mass index <25 vs. 25), including only women without any missing values (n ¼ 1,109), and excluding in situ cases (n ¼ 125).
RESULTS
Japanese Americans constituted almost half of the study population, which consisted of 607 breast cancer cases and 667 controls (table 2) . Despite matching, we did not achieve a good balance in cases and controls for Native Hawaiians. Cases were, on average, 2 years older at the time of recruitment into the MEC Study than controls. The majority of breast cancer cases were detected at an early stage: 21 percent were classified as in situ, 62 percent as localized, 16 percent as regional, and less than 1 percent as distant and unknown. After age adjustment, there was no significant difference in terms of place of birth, body mass index, age at menarche, age at first livebirth, proportion of postmenopausal women, or ever use of HRT by case status. However, cases reported a higher use of combined HRT and a lower use of estrogens only. They also had a higher proportion of nulliparous women, fewer children, and a higher percentage with a family history of breast cancer. Within the three major ethnic groups, anthropometric and reproductive variables did not differ very much by case status, but several of these characteristics varied by ethnicity. Body mass index was highest for Native Hawaiians and lowest for Japanese. Native Hawaiians had more children and reported a family history of breast cancer more frequently than women in the other ethnic groups. The proportion of Japanese women born outside of the United States (6 percent) was not very different from that of Caucasians (10 percent). On the basis of parents' places of birth, we knew that more than half of the parents of the Japanese-American women had been born in the United States, making these women at least thirdgeneration migrants. Total breast area was 50 percent greater among Caucasian and Native Hawaiian women than among Japanese women, and controls had larger breasts than cases (table 3) . For the mean value of all mammograms, percent density was approximately 10 percent higher in cases than in controls (p < 0.0001), and the dense area was approximately 9 cm 2 larger (p < 0.0001). The difference between cases and controls was greater for Caucasians than for Native Hawaiians and Japanese and was greater for the earliest mammogram as compared with the latest.
Using the percent density for the earliest mammogram, the odds ratio for a 10 percent density increase was 1.22 in the total population (table 4) . Stratified by ethnicity, the respective odds ratios were 1.24 for Native Hawaiians, 1.15 for Japanese, and 1.31 for Caucasians. The results using the latest mammogram and the mean density readings were not substantially different, but the risk estimates were slightly weaker for the mammogram taken closest to diagnosis. When we categorized percent densities using the means of all readings, women with densities of 50 percent or more had a 3.59 times higher risk of developing breast cancer than women with less than 10 percent densities; however, the estimated risk appeared to differ by ethnicity: 4.18 for Native Hawaiians, 3.18 for Japanese women, and 5.27 for Caucasians. The ROC areas were also slightly larger for Caucasians (0.736) and Native Hawaiians (0.720) than for Japanese women (0.658). However, a model including an interaction effect produced results that were not significantly different from those of the original model (p ¼ 0.42).
The dense area was associated with breast cancer risk to a similar degree as percent densities (table 5). The odds ratio for the mean of all mammograms for an increase of 10 cm 2 was 1.19 overall, 1.22 for Native Hawaiians, 1.15 for Japanese, and 1.25 for Caucasians. The odds ratio for the highest quartile of dense area compared with the lowest, based on the mean of all mammograms, was 2.91. For the model with percent density from the earliest mammogram, the ROC area was 0.664, and for the model with the dense area, it was 0.661-indicating that both mammographic measures predicted breast cancer equally well. When we restricted the analysis to the 1,109 women without any missing values, the association between density and breast cancer risk remained unchanged. In addition, after removal of the 125 subjects with in situ cancer, the strength of the association remained similar. The overall odds ratio for a 10 percent change in percent density was 1.22 (95 percent CI 1.14, 1.31), and for a 10-cm 2 change in dense area, it was 1.19 (95 percent CI: 1.12, 1.27). Interestingly, stratification by body mass index showed a stronger association between percent density and breast cancer risk (based on the mean of all mammograms) for overweight subjects (body mass index 25) than for women with normal weight. The respective odds ratios were 1.29 (95 percent CI 1.13, 1.43) and 1.16 (95 percent CI 1.07, 1.26). This relation held true in all ethnic groups: 1.29 versus 1.14 in Native Hawaiians, 1.28 versus 1.12 in Japanese, and 1.41 versus 1.27 in Caucasians. However, the model with an interaction between weight status and percent densities was not significantly different (p ¼ 0.53), and the areas under the ROC curve differed little: 0.683 for normal-weight women and 0.696 for overweight women. 
DISCUSSION
This study confirmed the substantial breast cancer risk associated with greater mammographic densities. Women with more than 50 percent densities had a 3.6 times higher risk of breast cancer than women with less than 10 percent densities, but the estimated risk varied by ethnicity. Whereas the odds ratio was 5.3 for Caucasians and 4.2 for Native Hawaiians, it was only 3.2 for women of Japanese ancestry, although this difference was not statistically significant. The ROC areas confirmed that the ability to predict breast cancer was approximately equal for percent density and the size of the dense area. Using the mean readings for all mammograms as opposed to the earliest or the latest mammogram strengthened the association with breast cancer but indicated no material difference in the results.
Our risk estimates for Caucasians were quite similar to those of other studies using quantitative mammographic density assessment methods (2, 3, 29) . A previous study in Hawaii based on mammograms performed very close to diagnosis reported substantially lower risk estimates (11) , possibly because of use of a different scanner and software and a lack of information on body mass index and other confounders. Our findings disagree with those of the California study (4) that estimated a stronger risk for women with Asian ancestry than for Caucasian women, but the number of Asian women in the California study was relatively low (n ¼ 210) and included persons of several ethnicities (Chinese, Filipino, and Japanese).
Although it was not statistically significant, we observed a stronger association between breast cancer risk and mammographic densities among heavier women. The same effect modification was found in all three groups, while Caucasians maintained the highest odds ratios regardless of weight status. Percent density is highly influenced by breast size and body fat (13) , and at the same time, body weight is associated with breast cancer risk (30) . The lower risk associated with percent density in Japanese could be due to limitations in the two-dimensional density assessment among Japanese women. Capturing the third dimension of breast density may be more important for breasts with small areas than for large breasts. Newer volumetric methods may allow more accurate measurement of the dense cell mass in the breast (31) . Our study had a number of unique features, particularly a large number of US-born Japanese-American women, who are at a similarly high risk of developing breast cancer as Caucasian women (16, 17, 32) . To our knowledge, this is the first study exploring the breast density-breast cancer relation with a sufficient number of Native Hawaiian women, an ethnic group with an extremely high breast cancer risk (17) . The collection of multiple mammograms over many years for a large proportion of subjects made it possible to conduct separate analyses for mammograms taken many years before diagnosis and mammograms taken closer in time to diagnosis. In our analysis, the timing of the mammograms made very little difference; the odds ratios did not change materially.
A serious limitation of our project was the low participation rate (50.6 percent), which cannot be explained by a lack of mammographic screening; almost 90 percent of women in the cohort reported a previous mammogram at baseline. More intense follow-up may have increased the response rate, but we limited our recruitment efforts to mailings in order not to jeopardize subject participation in future investigations within the MEC Study. Although the success of including women in the study differed slightly by age, ethnicity, and reproductive behavior, we could not detect a systematic bias. Except for ineligibility due to death, similar proportions of cases and controls were included in the final analysis. It appears unlikely that these small differences between eligible subjects and recruited subjects biased the robust risk estimates or that response status would confound the association between mammographic density and breast cancer. The comparison between included women and excluded women did not identify major differences. The assessment of HRT use had serious limitations in that we had to rely on self-reported HRT use and assume a constant type of use during all years. A similar problem existed for body mass index; information on weight was self-reported and * In all models, results were adjusted for ethnicity, age at mammogram, body mass index, age at first livebirth, number of children, age at menarche, age at menopause, use of hormone replacement therapy, and family history of breast cancer.
y OR, odds ratio; CI, confidence interval. z Reference category.
was collected only once at entry into the cohort. The use of body mass index categories did not lead to residual confounding; an analysis using body mass index as a continuous variable gave identical results. This study confirmed the substantial breast cancer risk associated with higher mammographic densities. The magnitudes of risk estimates were similar for percent density and the size of the dense area. Although the finding was not statistically significant, the association between breast density and cancer risk appeared weaker in Japanese women than in Caucasian and Native Hawaiian women. This finding suggests that, if breast density were to be added to risk prediction models (33) , it might be necessary to develop different models for ethnic groups whose mammographic features differ substantially from those of Caucasians.
